In this study, we used immunohistochemistry to screen for -synuclein pathology in the brains of 241 individuals without clinical evidence of neurologic disease, and discovered 36 cases (15%) with incidental Lewy bodies (LBs) and one case, a 96-year-old woman (0.4%), with inclusions similar to those seen in multiple system atrophy (MSA), a non-familial neurodegenerative disorder characterized by parkinsonism, cerebellar ataxia and autonomic dysfunction and -synuclein immunoreactive glial cytoplasmic inclusions (GCI). In a routine hospital autopsy series of 125 brains, we detected GCI in a neurologically normal 82-year-old man (0.8%). Both cases showed widespread GCI in the central nervous system, as well as a few neuronal cytoplasmic inclusions, but no neuronal loss or gliosis in vulnerable brain regions, including the substantia nigra, putamen, inferior olive and pontine base. Applying a recently proposed grading scale for MSA, the two cases showed pathology far below that detected in patients with clinically overt MSA, suggesting the possibility that these two individuals had preclinical MSA. The prevalence of clinically overt MSA is estimated to be about 4 per 100,000 persons (0.004%), which is far less than the frequency of GCI in this series (0.4-0.8%). Further studies are needed to determine if GCI in neurologically normal elderly represents prodromal MSA or a rare non-progressive age-related -synucleinopathy.
Introduction
The Lewy body is a neuronal inclusion composed of -synuclein and the histopathologic hallmark of both Parkinson disease (PD) and dementia with Lewy bodies (DLB), which are among the most common neurodegenerative disorders of aging [17] . Lewy bodies are more common in autopsy series of neurologically normal individuals than is the frequency of PD in population-based studies [7] . For example, Lewy bodies have been detected in 10-12% of neurologically normal individuals [8] , while PD aVects 0.3-2% of people over 60 years of age [7] . The presence of Lewy bodies in neurologically normal individuals has been termed coincidental or incidental Lewy body disease (iLBD) and it remains uncertain if this represents prodromal PD or DLB [6] .
Multiple system atrophy (MSA) is another -synucleinopathy characterized by variable degrees of parkinsonism, cerebellar ataxia and autonomic dysfunction. Multiple system atrophy has neuronal loss and gliosis in the substantia nigra, posterior putamen, inferior olive, pontine nuclei and cerebellum with pathognomonic -synuclein immunoreactive glial cytoplasmic inclusions (GCI) [21, 25] . It is unknown to what extent GCI are present in clinically normal individuals.
We used immunohistochemistry to study the frequency of -synuclein pathology in 241 neurologically normal individuals and discovered one case with widespread GCI similar to those found in MSA. In a separate autopsy cohort of 125 cases without neurodegenerative pathology, we discovered another case with GCI in an individual without clinical evidence of neurologic disease. To our knowledge, there is only one previously reported case of MSA in an individual without clinical neurological Wndings [18] . The purpose of this report is to review clinical and pathological features of these two cases.
Materials and methods

Subjects
We screened brains of 241 individuals without evidence of neurologic disease on antemortem clinical evaluations with -synuclein immunohistochemistry [6, 15] . The cases had an average age at death of 79 years (range 60-103 years) and included 133 women and 108 men. The tissue samples were obtained from the Tissue Registry of the Mayo Clinic, which is linked to the Mayo Medical Records System. Autopsies were performed between 1988 and 2004. All the subjects had medical record documentation of several medical contacts during the last 5 years of life. Subjects were excluded if they had evidence of parkinsonism, tremor, dementia or other neurodegenerative diseases. Other exclusion criteria were presence of psychiatric disorder suYcient to require hospitalization or medical treatment, epilepsy, primary intracerebral events as a cause of death, brain tumor (except incidental meningioma), systemic disorders likely to cause chronic brain damage or mental retardation.
In neuropathologic evaluations of 139 cases from a community hospital autopsy service, we discovered GCI in a patient without clinical evidence of neurologic disease. Longitudinal clinical documentation was not available in this individual. This sample included 139 cases collected over a 10-year period. The average age of this cohort was 59 years (range 18-60 years) and included 49 women and 90 men. Most of the cases (125 cases; 89%) in this series did not have neurodegenerative disease (8 Alzheimer disease, 3 Lewy body disease, 1 frontotemporal lobar degeneration with ubiquitin inclusions, 1 progressive supranuclear palsy and 1 Creutzfeldt Jakob disease, in addition to the 1 MSA case) and the Braak neuroWbrillary tangle stage was low (median 0, range 0-VI).
Pathological evaluation
For histological examination, formalin-Wxed and paraYnembedded sections from cortical and subcortical regions were stained with hematoxylin and eosin (H&E) and thioXavin-S Xuorescent microscopy. To assess demyelination, a Luxol fast blue/periodic acid SchiV (LFB-PAS) stain was used.
In the systematic survey of 241 cases from the Mayo Clinic Tissue Registry sections of frontal and temporal cortex, cingulate gyrus, hippocampus, amygdala, basal ganglia at the level of nucleus basalis of Meynert, pons, medulla and spinal cord were screened for -synuclein pathology with immunohistochemistry. In the autopsy series of 125 cases, -synuclein immunohistochemistry was used only when indicated by pathologic Wndings on histologic studies with H&E (e.g., neuronal loss in substantia nigra or locus ceruleus) or thioXavin-S Xuorescent microscopy, which shows weak Xuorescent staining of Lewy bodies and GCI (unpublished observations). The hospital autopsy series, thus, cannot be considered a systematic survey.
When GCI were detected, additional sections, including motor cortex, basal ganglia at the level of nucleus accumbens and cerebellum were also immunostained for -synuclein. The deparaYnized and rehydrated sections were pretreated with 95% formic acid for 30 min and steamed in distilled water for 30 min, and then immunostained with a previously characterized polyclonal antibody to -synuclein (NACP; 1:3,000) [11] , using 3, 3Ј-diaminobenzidine as the chromogen. After immunostaining, the sections were counterstained with hematoxylin.
Semi-quantitative evaluation
A recently proposed grading scheme for MSA [14] was applied to both cases. This evaluation included semiquantitative assessment of atrophy, neuronal loss and astrogliosis. Given the absence of atrophy, neuronal loss and astrogliosis, a modiWed rating scale was used for the number ofsynuclein-positive GCI: absent (0), rare (1), few (2), moderate (3) and large numbers (4). Grading striatonigral degeneration included evaluation of the anterior/medial and dorsal/lateral putamen, anterior and posterior caudate nucleus, medial and lateral globus pallidus as well as mediobasal and dorsolateral substantia nigra. Grading olivopontocerebellar degeneration included evaluation of substantia nigra, pontine nuclei, inferior olive and cerebellum.
Results
While screening for -synuclein pathology in the brains of 241 individuals without clinical evidence of neurologic disease, we found 36 cases with Lewy bodies (LBs) and one case with GCI (case 1). In a separate series of 125 autopsy cases without neurodegenerative pathology, we found GCI in an elderly man without clinical evidence of neurologic disease (case 2).
Case report (case 1)
This elderly 96-year-old obese woman had a long and complicated medical history that included multiple medical problems, but no evidence of signiWcant neurologic disease, although she had presbycusis and bilateral cataracts. Her past medical history was notable for chronic anemia, cardiovascular disease (hypertension, congestive heart failure and cardiac arrhythmia), gastrointestinal problems (esophageal hiatal hernia, gastritis, cholecystectomy, diverticulosis and chronic constipation) and urological problems (hemorrhagic cystitis). She also had osteoarthritis, degenerative joint disease, vertebral compression fractures and osteoporosis. She had urinary incontinence over the last 3 years of life. She lived independently until 93 years of age, when she was admitted to a nursing home because of severe degenerative joint disease. She never saw a neurologist and her neurologic examination by internists was normal except for mild hyporeXexia. She died of bronchopneumonia and acute bowel ischemia.
Pathological Wndings (case 1)
The brain was retrieved from the Mayo Clinic Tissue registry and had been previously sectioned. The coronal slices of the cerebrum and the transverse slices of brainstem revealed no signiWcant pathology. In particular, there was no atrophy or discoloration of the basal ganglia, brainstem or cerebellum. There was visible pigmentation in the substantia nigra and locus ceruleus. The cerebral and cerebellar white matter showed no unusual features.
On microscopic examination with H&E stains, the neocortex was unremarkable. With thioXavin-S Xuorescent microscopy a few senile plaques, but no neuroWbrillary tangles (NFT) were detected. There were rare GCI withsynuclein immunostaining in the neocortical white matter. The hippocampus had a normal neuronal population and only a few NFT. The Braak neuroWbrillary tangle stage [5] was consistent with Stage II. Anti-phospho-tau immunostaining (CP13; 1:1000, Peter Davies, Albert Einstein College of Medicine, Bronx, NY [22] ) revealed tau pathology consistent with argyrophilic grain disease [20] conWned to the medial temporal lobe (Fig. 1a) . The basal nucleus of Meynert had a normal neuronal population and no NFT, but there were a few GCI in the basal forebrain. There was minimal neuronal loss and gliosis in the lateral putamen, but many GCI (Fig. 1b) . There was no obvious iron pigment. A few GCI were present in the caudate nucleus and the globus pallidus (Fig. 1c) , but no neuronal cytoplasmic inclusions were detected in the basal ganglia. There were GCI in the internal capsule. The substantia nigra has moderate neuronal loss with extraneuronal neuromelanin, but no NFT or Lewy bodies. In contrast,
-synuclein immunostaining revealed many GCI in the substantia nigra (Fig. 1d) . The locus ceruleus and reticular formation had normal neuronal populations. There was no myelin loss on LFB-PAS stains in brainstem Wber tracts. There were GCI and a few neuronal cytoplasmic inclusions in the pontine base and the inferior olivary nucleus (Fig. 1e-g ). GCI were also found in the spinal white matter, but there was no neuronal loss or gliosis in the intermediolateral nucleus (Fig. 1h) . The distribution of Bar 50 m (a, b, c, f, g, h) , 100 m (d, e) -synuclein pathology is summarized in Tables 1 and 2 . The case was assigned a grade I of MSA-P and grade 0-I of MSA-C [14] .
Case report (case 2)
This 82-year-old man had a past medical history of coronary artery disease, hypertension, hypercholesterolemia, obstructive sleep apnea and Ménière's disease. He was hospitalized 9 months before death when he presented with a transient ischemic attack characterized by vertigo, slurred speech and fatigable nystagmus. He developed hypoxic encephalopathy 5 months before death, and he died due to multi-organ failure and sepsis. His family history was notable for a sister with Alzheimer's disease. The neurological examination on admission to the hospital was normal except for mild generalized weakness and mild hyporeXexia. He denied any gastrointestinal or urological problems.
Neuropathologic Wndings (case 2)
The Wxed brain weighs 1,280 g. The macroscopic Wndings were unremarkable, except for mild frontal atrophy and mild enlargement of the frontal horn of the lateral ventricle of coronal sections (Fig. 2) . The basal ganglia, brainstem and cerebellum showed no unusual features. The substantia nigra and locus ceruleus had visible pigmentation. On microscopic examination, the neocortex was unremarkable on H&E, and there were no SP or NFT with thioXavin-S Xuorescent microscopy. There was no amyloid angiopathy, but small vessels in the white matter and basal ganglia had mild adventitial collagenosis. In the cortex, a few GCI were detected in the motor cortex. The hippocampus had normal neuronal populations and only a few SP. No NFT were present in the hippocampus, but there were a few in layer II of the entorhinal cortex. The Braak neuroWbrillary tangle stage was consistent with Stage II. The basal nucleus of Meynert had a normal neuronal population and no NFT, but there were GCI in the basal forebrain and hypothalamus. No GCI were present in amygdala, which is histologically unremarkable. Isolated GCI were detected in the olfactory bulb (Fig. 3a) , consistent with previous reports [16] . The basal ganglia had mild neuronal loss and gliosis with iron pigment in the lateral putamen. The globus pallidus had mild gliosis and vascular calciWcation. Throughout the basal ganglia, especially in white matter tracts in the lateral putamen, there were many GCI (Fig. 3b) . Some -synuclein immunoreactive neurites were present in the putamen, but no neuronal cytoplasmic inclusions were detected. There were GCI in the internal capsule. The thalamus was unremarkable, except for a few GCI. The substantia nigra has mild focal neuronal loss with extraneuronal neuromelanin and gliosis, most marked in the ventrolateral region (Fig. 3c ). There were no NFT or Lewy bodies, but there were a few GCI (Fig. 3d ). There were GCI in the cerebral peduncle. The pontine base had no neuronal loss, gliosis or myelin loss, but there were a few GCI and isolated neuronal cytoplasmic inclusions (Fig. 3e, f) . The cerebellar peduncles were unremarkable. There were GCI in the pontine and medullary tegmentum. The locus ceruleus had focal neuronal loss, but no Lewy bodies or NFT. The inferior olive had no neuronal loss or gliosis, but there were a few GCI and neuronal cytoplasmic inclusions (Fig. 3g, h ). The cerebellum had no neuronal loss in Purkinje or granular cell layers. The cerebellar white matter was histologically unremarkable, but had a few GCI. The dentate nucleus was well preserved. The distribution ofsynuclein immunoreactive pathology and related pathological Wndings are summarized in Table 1 . This case was assigned grade II of MSA-P and grade 0-I of MSA-C.
Discussion
This report describes clinical and pathologic Wndings of two elderly individuals without clinical evidence of neurologic disease who had -synuclein pathology characterized by widespread GCI and sparse neuronal cytoplasmic inclusions similar to those seen in MSA. One of the two cases was detected in systematic screening for -synuclein pathology in a series of 241 neurologically normal individuals, for a frequency of 0.4%. In this same series 36 cases had Lewy bodies, for a frequency of 15%. The other case was identiWed in a hospital autopsy series of 125 cases with no neuropathologic evidence of neurodegenerative disease, for a frequency of 0.8%. The latter series did not have systematic assessment of all cases with -synuclein immunohistochemistry and the frequency is thus a lower estimate of the frequency of GCI. In a previous study of -synuclein pathology in 290 cases of autopsy-conWrmed progressive supranuclear palsy (PSP), we detected 31 cases with LBs (11%) and one individual with GCI (0.3%) [22] . Parkkinen et al. [18] detected Wve cases with GCI in -synuclein immunohistochemical screen of 1,800 brains (0.3%). The frequency of GCI is similar in these series and much higher than the frequency of MSA in population-based studies, which is estimated to be 3-4 per 100,00 persons (0.003-0.004%) [4, 19] . Interestingly, the frequency of Lewy bodies in autopsy series of neurologically normal individuals (10-15%) is also considerably higher than the frequency of PD in the population, which ranges from 0.3-2% for those 60 years of age or older [7] . The discrepancy between the frequency of Lewy bodies and GCI in autopsy series and the frequency of PD and MSA in population-based studies may support the contention that incidental Lewy bodies and GCI are static, age-related neuronal and glial Wndings that would not necessarily have progressed to overt neurologic disease. Alternatively, they may represent a disease process with such a slow rate of degeneration that they would never be symptomatic in the normal human lifespan.
Of the Wve cases with GCI reported by Parkkinen and co-workers, only one patient lacked clinical features consistent with MSA. This individual had widespread GCI in the central nervous system, but only mild neuronal loss in the dorsal motor nucleus of vagus and substantia nigra. Wakabayashi et al. [23] reported on neuropathologic Wndings of a patient with clinical features consistent with MSA, but only a 15-month disease duration. Immunostaining for -synuclein revealed widespread GCI as well as neuronal -synuclein and neuronal loss in the pontine basis and inferior olive. In addition, GCI and neuronal cytoplasmic inclusions were found in the intermediolateral nucleus of the spinal cord, but no autonomic dysfunction was noted. The authors speculated that autonomic pathology might have become evident if the patient had lived longer.
Results of previous studies suggest that GCI can precede neuronal degeneration [12, 26] . In the two individuals we report, neuronal cytoplasmic inclusions were sparse, restricted to the pontine nuclei and inferior olive and not associated with neuronal loss or gliosis. In contrast, GCI were found in many additional brain areas. In comparing the pathology in our two cases with those of 42 MSA cases reported by Jellinger et al. [14] , which served as the basis for a proposed neuropathologic staging scheme for MSA, our cases had far less pathology and far less neuronal loss and gliosis. On the other hand, GCI had a similar distribution to those in MSA, which is consistent with the hypothesis that these cases have preclinical MSA.
Increasing clinical attention has been focused on preclinical symptoms in PD with recognition of the wide range of non-motor manifestations of PD, including autonomic dysfunction, olfactory dysfunction and rapid eye movement sleep behavior disorder (RBD) [1, 2, 13] . Less attention has been given to prodromal MSA. We previously reported pathologic Wndings in iLBD, including decreased nigrostriatal dopaminergic innervation, which suggest that it may be presymptomatic PD rather than merely an incidental agerelated change [6] . Boeve et al. [3] reported on a patient with idiopathic RBD with brainstem Lewy bodies, but no signiWcant neuronal loss in the substantia nigra, again consistent with iLBD. Only a few studies have reported prodromal symptoms before presentation of overt clinical signs of MSA. In one study, RBD was found to antedate more clinical features of MSA by a number of years [13] . In another study, Glass et al. [10] reported on six individuals in which breathing diYculties were the initial manifestation of MSA. They also described three patients with obstructive sleep apnea for a number of years before clinical diagnosis of probable MSA [10] . One of our two cases (case 2) had a clinical history of obstructive sleep apnea, but it is unclear if this clinical Wnding represents an early clinical manifestation of MSA. Urologic problems are common in MSA [9] . While one of our two cases (case 1) had urological problems, she had a number of medical reasons that could account for them.
Most cases of MSA begin in the sixth decade of life [24, 25] . Thus, the advanced age of one of our cases (96 years of age) is unusual. If one accepts this case as preclinical MSA, it may be the oldest MSA patient in the literature. It should be reiterated that neither of the individuals in this report had a clinical diagnosis of MSA or any other neurologic disease. Further clinicopathological studies are needed to determine the frequency and clinical signiWcance of GCI in neurologically normal individuals and their possible relationship to prodromal MSA.
